Wound infection is a major clinical problem, yet understanding of bacterial host interactions in the skin remains limited. Microbe-derived molecules, known as pathogen-associated molecular patterns, are recognised in barrier tissues by pattern-recognition receptors. In particular, the pathogen-associated molecular pattern, lipopolysaccharide (LPS), a component of microbial cell walls and a specific ligand for Toll-like receptor 4, has been widely used to mimic systemic and local infection across a range of tissues. Here we administered LPS derived from Klebsiella pneumoniae, a species of bacteria that is emerging as a wound-associated pathogen, to full-thickness cutaneous wounds in C57/BL6 mice. Early in healing, LPS-treated wounds displayed increased local apoptosis and reduced proliferation. Subsequent healing progression was delayed with reduced re-epithelialisation, increased proliferation, a heightened inflammatory response and perturbed wound matrix deposition. Our group and others have previously demonstrated the beneficial effects of 17β-estradiol treatment across a range of preclinical wound models. Here we asked whether oestrogen would effectively promote healing in our LPS bacterial infection model. Intriguingly, co-treatment with 17β-estradiol was able to promote re-epithelialisation, dampen inflammation and induce collagen deposition in our LPS-delayed healing model. Collectively, these studies validate K. pneumoniae-derived LPS treatment as a simple yet effective model of bacterial wound infection, while providing the first indication that oestrogen could promote cutaneous healing in the presence of infection, further strengthening the case for its therapeutic use.
Our skin is home to a diverse range of microorganisms, collectively termed the skin microbiota. 1 Under homeostasis, these organisms cause little harm and can even be beneficial to health. However, our environment is filled with pathogenic organisms to which we have evolved a range of defence mechanisms. 2, 3 The skin provides a physical barrier producing antimicrobial peptides and even promoting the growth of commensal bacteria to prevent overpopulation of pathogens. Innate immune cells continually sample the local environment providing a robust immunological barrier. However, upon injury or disease the skin barrier can be breached, opportunistic bacteria become pathogenic and, in favourable conditions, grow and develop, leading to infection. 4, 5 Because of their aetiology, chronic wounds are particularly susceptible to infection. 6 Staphylococcus aureus and Pseudomonas aeruginosa are the most studied wound pathogens; however, Klebsiella pneumoniae, a Gram-negative bacterium that colonises the skin, has been increasingly demonstrated as a wound pathogen present in sterile/surgical and infected wound sites, 7 including combat wounds, [8] [9] [10] [11] burns 8, 12 and chronic leg ulcers. [13] [14] [15] [16] Persistent wound infection is a major clinical problem and likely to be a key driver of local chronic inflammation. [17] [18] [19] [20] [21] Indeed, clinical studies suggest up to 90% of diabetic foot ulcers that eventually require lower limb amputation are preceded by infection. 22, 23 The host response to the presence of bacteria and other pathogens occurs via pattern-recognition receptors (PRRs) that detect specific microbial components and metabolites, known as pathogen-associated molecular patterns (PAMPs). PRRs can also recognise endogenous ligands produced by stressed, injured or damaged host cells, known as damage-associated molecular patterns (DAMPs). Activation of PRRs orchestrates the early immune response via induction of pro-inflammatory cytokines, antiviral pathways and activation of microbial killing mechanisms. 24 Over recent years, the importance of PRRs has been recognised in wound healing. A number of wound-related cell types express PRRs, suggesting a role throughout the healing process. [25] [26] [27] Clinical studies have identified increased Toll-like receptor (TLR) activity in human chronic wounds. 28 In comparison, mechanistic studies in mouse models have shown that deletion of PRRs, specifically TLR3, 29 TLR9, 30 nucleotide-binding oligomerisation domain 2 (NOD2) 31 and downstream signalling component myeloid differentiation factor (MyD88), 32 leads to impaired cutaneous healing. Furthermore, TLR2 expression is perturbed in diabetic mouse wounds. 33 35, 36 Moreover, persistent TLR4 activity has been identified in non-healing venous leg ulcers, while chronic in vivo stimulation of TLR4 in the skin has been shown to induce inflammation and fibrosis. 37, 38 This recent literature is in line with historic studies where systemic LPS administration has been used as a model of sepsis. 39 Moreover, TLR4 has recently been shown to be essential to cutaneous wound repair, 40, 41 with TLR4 mutations associated with increased risk of developing a diabetic foot ulcer. 42 The inflammatory response to TLR4 signalling has been widely studied; however, knowledge of the role of TLR4 in the cutaneous environment, particularly in response to bacterial Klebsiella colonisation of cutaneous wounds, is limited. Here we report the effect of K. pneumoniae-derived LPS administration to wounded skin. We identify delays to multiple aspects of the healing process, suggesting LPS administration provides a simple, reproducible model of bacterially delayed healing in mice. As with other current delayed healing murine models, 43 we suggest that our LPS model provides a clinically relevant means to dissect the host response to microorganisms in wound infection, with relevance to human chronic wounds. To test the suitability of this model, we co-treated with 17β-estradiol, the major oestrogen naturally occurring in mammals. Previous studies have shown a physiologically relevant role for oestrogen deficiency in delayed wound healing 44 and demonstrated beneficial effects of oestrogen supplementation in both mice and humans. [45] [46] [47] To our knowledge, the effects of oestrogen on bacterial infection of cutaneous wounds has yet to be studied. We thus assessed the effect of oestrogen treatment in our simple bacterial TLR4-stimulated wound model, showing for the first time that LPS-induced delayed healing can be reversed by the anti-inflammatory, pro-healing effects of oestrogen.
MATERIALS AND METHODS Animals and Wounding
Following local ethics committee approval, animal studies were conducted in accordance with UK Home Office regulations. Six-7-week-old female C57/BL6 mice (purchased from Harlan Laboratories, UK) were anaesthetised and injected subcutaneously (LPS study) with 10 μg K. pneumoniae-derived LPS (Sigma Aldrich, UK: L4268) or intradermally (LPS+E2 study) with 1 μg LPS 24 and 2 h prior to wounding (5-8 mice per group). Corresponding groups were injected with vehicle (phosphate-buffered saline). Mice were then anaesthetised and wounded, following our established protocol. 48 Briefly, two full-thickness 6-mm excisional wounds or 1-cm incisions were made through the injection site and left to heal by secondary intention. 17β-Estradiol was administered at the time of wounding via subcutaneous implantation of a 0.05-mg, 21-day, slow-release pellet (Innovative Research of America, Sarasota, FL, USA). Incisional wounds were excised at 1, 3 or 7 days after wounding and bisected, half processed for histological analysis and half snap frozen and stored at − 80°C for biochemical analysis.
Planimetric Analysis
Excisional wounds were photographed daily (Finepix S5700 camera, Fujifilm, Bedford, UK) and wound closure was quantified as a percentage of initial wound area (image pro plus software) to determine temporal healing profile.
Histological Analysis and Immunohistochemistry
Histological sections were prepared from tissue fixed in 10% buffered formalin and embedded in paraffin. In all, 5-μm sections were stained by H&E, Masson's Trichrome, Picro-Sirius Red or subjected to immunohistochemistry. Primary antibodies were used at the following concentrations: antineutrophil rat polyclonal (1 μg/ml; Thermo Scientific, UK:MA1-40038); anti-Mac-3 rat polyclonal (15 μg/ml; BD Pharmingen, UK:553322); anti-F4/80 rat monoclonal (10 μg/ml; Invitrogen, UK); keratin 6 (2 μg/ml) and keratin 14 (1 μg/ml) rabbit polyclonal (Covance, UK:PRB-169 P and PRB-155 P), Ki67 rat monoclonal (2 μg/ml; Dako, UK: M7249), IL6 goat polyclonal (4 μg/ml; R&D Systems, Abingdon UK: AF-406-NA), and TNFα rabbit polyclonal (10 μg/ml; Abcam, Cambridge UK: ab6671). All antibodies required citrate antigen retrieval, with the exception of F4/80 which required proteinase K. Primary antibodies were detected using a Vectastain ABC Kit (Vector Laboratories, UK:PK-6104, PK-6101 or PK-6105), NovaRed substrate (Vector Laboratories, UK:SK-4800) or for F4/80 DAB and counterstained with haematoxylin. TUNEL staining was performed using an In Situ Cell Death Detection Kit (Roche, UK: 11 684 795 910), according to the manufacturer's protocol. Bright field images were captured using a Nikon Eclipse E400 microscope and SPOT insight camera (Image solutions, Preston, UK) or a Scanscope (Aperio,) with areas of interest analysed using the Imagescope software (Aperio). Fluorescent images were collected on an Olympus BX51 upright microscope using a × 10/0.30 Plan Fln objective and captured using a Coolsnap EZ camera (Photometrics) through MetaVue Software (Molecular Devices). Picro-Sirius red staining was visualised using plane-polarised light (Leica), casting larger collagen fibres shades of red and thinner fibres green. Masson's Trichrome and Picro-Sirius red staining were quantified using Image J (http://rsb.info.nih.gov/ij). Total cell numbers, wound width, area and percentage re-epithelialisation were quantified using the Image Pro Plus software (MediaCybernetics, MD, USA). Wound width was determined by measuring the distance between wound margins. Wound area was calculated from wound margins below the eschar, extending to the level of the panniculus carnosus. Re-epithelialisation was expressed as a percentage of full closure.
Proliferation Assay In Vitro
Normal human epidermal keratinocytes (NHEK) isolated from juvenile foreskin (Promocell, UK: C-12002) were cultured according to the supplier's protocol and used at P5. Primary human keratinocytes for oestrogen studies were isolated from adult female abdominal skin, cultured in serum-free, phenol red-free media (Epilife medium (Thermo Scientific, UK: MEPICFPRF500) plus supplement kit (S001K)) and used at P2. Keratinocytes were seeded in 96-well plates at a density of 1 × 10 4 cells/well. Cells were treated with 0.001-10 μg/ml LPS (Sigma Aldrich, UK: L4268), 10 − 7 M 17β-estradiol (Sigma Aldrich, UK: L4268) or TLR4 antagonist LPS-RS used at 100 times in excess of LPS (InvivoGen, Toulouse, FR: tlrl-prslps) and incubated at 37°C, 5% CO 2 for 24 h. Proliferation was measured, using the CellTiter96 AQueous MTS-based Kit (Promega, UK:G3582), relative to a calibration curve determined from wells known to contain between 0 and 1 × 10 5 cells, as per the manufacturer's protocol.
Statistical Analysis
Results are presented as mean ± s.e.m. Statistical analysis was performed using IBM SPSS statistics v20. Differences were determined using two-tailed independent sample t-test (Mann-Whitney U-tests for nonparametric data), ANOVA with Tukey Q post hoc testing for 42 groups and considered significant at three levels: P-values of o0.05, o0.01, and o0.001.
RESULTS

K. pneumoniae-Derived LPS Significantly Delays Cutaneous Healing
To assess the effect of TLR4 activation via K. pneumoniae on wound healing, C57 BL6 mice were subcutaneously injected with LPS derived from K. pneumoniae, 2 and 24 h prior to excisional wounding. Planimetric analysis (Figures 1a and b ) reveals significantly delayed healing in LPS-injected mice compared with vehicle (Day 5 P = 0.002, Day 6 P = 0.030, Day 7 P = 0.025, Day 8 P = 0.020, Day 9 P = 0.028). Histological analysis of LPS-injected, incisional wounds was performed to assess this phenotype at select time points (Figure 1c) . Results reveal a delay in wound healing with LPS application, corresponding to the planimetry data, with greater wound width at 7 days after wounding (P = 0.048; Figure 1d ). Morphometric quantification of wound area further highlighted alterations in the temporal kinetics of healing, depicted by significantly reduced and increased wound area at 1 and 7 days, respectively, in LPS wounds vs vehicle (Figure 1e) . Qualitatively, LPS-treated wounds appeared vastly different to vehicle wounds with decreased cellularity and a necrotic appearance, particularly at day 3 after wounding ( Figure 1c) .
Collectively, these results demonstrate that LPS significantly delays the early wound healing response.
LPS Induces Early Cell Death and Inhibits Wound Edge Proliferation
Bacterial induction of host cell death is widely reported, 49 with LPS specifically implicated in cytotoxic effects. 50, 51 To determine whether this was an important mechanism in the observed phenotype, we assessed cell death (TUNEL staining) in LPS-injected and vehicle wounds. Apoptotic cells were increased, both in the wound edge dermis and within the wound granulation tissue, of LPS wounds at both 1 and 3 days after wounding (Figures 2a and b) . Conversely, the percentage of proliferating, Ki67-positive, basal keratinocytes directly at the wound edge (field 1; 0-500 μm from the wound edge) was significantly decreased by LPS administration 1 day after wounding (Figures 2c and d ). Recapitulating these in vivo results, a dose-dependent decline in proliferation of keratinocytes in vitro was also observed in NHEK cells after 24-h LPS stimulation (Figure 2e ) with no difference in cell viability (data not shown), indicating a cell intrinsic effect. We co-treated NHEKs with LPS and the TLR4 antagonist LPS-RS and show that LPS-induced decrease in proliferation can be reversed by LPS-RS co-treatment (Figure 2f ), suggesting TLR4 activity is necessary for the proliferation inhibition.
Delayed Re-Epithelialisation of LPS Wounds
In the light of delayed wound edge proliferative response, we asked whether re-epithelialisation could also be altered. Quantification of the epidermal keratinocyte marker, keratin 14, revealed that LPS administration significantly delayed re-epithelialisation vs vehicle, evident at 3 days after wounding (Figures 3a and b) . We note that this delay was transient, with full wound closure of both treatment groups by day 7. No direct LPS effect on human keratinocyte migration was observed in in vitro scratch wounds after 24-h stimulation (data not shown); however, a dose-dependent reduction of human dermal fibroblast migration was evident following LPS treatment (data not shown). A common phenotype of experimental delayed healing models is an extended keratinocyte response. Upon wounding, keratinocytes switch to an activated state to contribute to the migration and proliferation required for re-epithelialisation and express keratin 6. Indeed, LPS administration resulted in greater extension of keratin 6 from the wound edge compared with vehicle (P = 0.000038; Figures 3c and d) . Consistent with these results, both the LPS and vehicle groups demonstrated high wound edge basal keratinocyte proliferation, but in cells remote to the wound edge (field 2; 500-1000 μm from the wound edge) proliferation was significantly higher with LPS administration (Figures 3e and f ; P = 0.036). 
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LPS Leads to a Prolonged Inflammatory Response and
Reduced Wound Collagen Deposition LPS and TLR signalling has been widely reported to activate the immune response and pro-inflammatory reactions. Moreover, excessive inflammation is a key driver of chronic wound aetiology. Intriguingly, early in healing (day 1 postwounding) LPS-treated wounds displayed a markedly dampened local recruitment of both neutrophils and macrophages (Figures 4a-c) . By day 3, this was completely reversed with significantly heightened neutrophil (P = 0.005) and macrophage (P = 0.009) numbers in LPS wounds, with delayed macrophage resolution at day 7. Moreover, at the transcriptional level, neutrophil (cx family) and leukocyte/ monocyte (cc family) chemokines displayed a corresponding profile of reduced early (day 1), but excessive late (day 3), expression in LPS-treated wounds (data not shown). The heightened influx of immune cells 3 days after wounding correlates with significantly increased pro-inflammatory cytokines, IL6 and TNFα within LPS-treated wounds after 3 days (Figures 5f and g ). Immune-cell-mediated matrix metalloprotease (MMP) production (particularly MMP2 and MMP9) is increased in human chronic wounds. We observed a corresponding increase in transcription of MMP2, but not of MMP9, in LPS-treated wounds at 3 days after wounding (data not shown). In the early proliferative phase of healing, tightly regulated matrix deposition and remodelling is essential. We thus tested the hypothesis that MMP alterations would lead to altered wound matrix levels in LPS-treated wounds. Masson's Trichrome revealed a marked reduction in wound collagen (blue staining) in LPS wounds at both 3 and 7 days compared with vehicle ( Figure 4d ). Quantitative Picro-Sirius Red visualisation of day 7 LPS and vehicle wounds confirmed reduced collagen content. Moreover, significantly fewer thick (more structurally developed; red stained) collagen fibres were present in LPS day 7 wounds compared with vehicle. No significant difference was observed in the newly deposited (finer; green stained) collagen fibres (Figures 4e and f) .
Oestrogen Treatment Partially Reverses LPS-Induced Delayed Healing
Numerous studies have documented the beneficial effects of 17β-estradiol on wound healing (reviewed in Rieger et al 52 ). To determine whether oestrogen could correct the 
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R Crompton et al LPS-induced delayed healing phenotype, we combined local LPS administration with systemic 17β-estradiol treatment. Oestrogen restored healing in the LPS model, although only partially. Specifically, 17β-estradiol co-treatment improved wound closure while fully restoring the delay in re-epithelialisation (P = 0.003; Figures 5a-c) . In vitro assessment of oestrogen-treated human keratinocytes revealed this restoration is not due to a direct effect on proliferation (data not shown). In line with oestrogen's well-documented anti-inflammatory activity, wound macrophage infiltration was significantly reduced in co-treated wounds vs LPS alone (P = 0.021; Figures 5d and e) , whereas intriguingly no difference was observed in wound neutrophil numbers (data not shown). Moreover, LPS-induced IL6 and TNFα levels were fully restored to vehicle levels by oestrogen treatment (Figures 5f and g ). Finally, as 17β-estradiol has previously been shown to directly induce fibroblast matrix production, we assessed the level of wound collagen deposition. Here we report that oestrogen co-treatment partially restores wound granulation tissue collagen vs LPS-treated wounds alone (Figures 5h and i) . These data collectively demonstrate the value of this LPS-induced delayed healing model, revealing potential beneficial effects of oestrogen treatment on wounds with high bacterially induced TLR4 activation.
DISCUSSION
Wound infection is increasingly cited as a major causative factor in the persistence of chronic wounds. 53 The bacterial diversity of pathogenic biofilm communities in chronic wounds is vast and thought to vary dependent on wound type. Although chronic wounds contain both Gram-positive and Gram-negative species, the latter predominate, particularly in venous leg ulcers. 54 At the molecular level, an organism senses and responds to wound bacteria (ie, infection) via PRRs, initiating a highly orchestrated host immune response. LPS, the major component of all Trichrome-stained wound sections from mice subjected to LPS or PBS, collected 3 or 7 days after wounding. Scale = 400 μm. (e) Picro-Sirius Red staining of day 7 LPS and control wounds. Scale = 100 μm. (f) Quantification reveals an overall reduction of collagen content, specifically significantly less thicker, red stained, collagen fibres present in LPS 7 day wounds compared with control. Mean + s.e.m.; n = 5-6 mice/group; **Po0.01; *Po0.05.
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Gram-negative bacterial cell walls, activates PRR TLR4. Studies suggest that in humans TLR4 is central to this process, with continuous TLR4 stimulation observed in non-healing chronic wounds, 17 likely the result of increased bacterial load. Moreover, mechanistic studies using TLR4 null mice have shown TLR4 to be important in the early stages Oestrogen restores healing in LPS model R Crompton et al of wound repair. 41 Here we report that direct wound administration of LPS, derived from K. pneumoniae, an emerging wound pathogen, leads to a pronounced delay in healing. Specifically, LPS-treated wounds displayed increased local cell death, reduced proliferation, delayed but ultimately heightened immune cell recruitment and pro-inflammatory signals and reduced matrix deposition. We note that our observed phenotype is in agreement with other local and systemic LPS administration models. For example, local and systemic LPS as a model of infection in burn injury induced a heightened inflammatory response and epidermal thickening, 35, 55, 56 whereas decreased collagen deposition was observed with systemic administration of LPS in cutaneous rat wounds. 57 Crucially, we demonstrate the utility of LPS administration as a delayed healing model by showing that co-administration of the pleiotropic healing-promoting factor 17β-estradiol is able to reverse some, but not all, aspects of the LPS healing phenotype. Collectively, our data suggest that local LPS administration has a dramatic immediate effect on the early stages of wound repair, a phenotype that is qualitatively very different from that of other delayed/chronic wound models (eg, db/db mice). In essence, LPS appears to block initiation of the healing response, with LPS-administered wounds failing to show macroscopic signs of local cellular activation (eg, wound edge thickening) in the first 24 h postwounding. This is confirmed histologically, with wounds subjected to LPS displaying reduced wound edge proliferation, an important aspect of injury-induced wound activation. Importantly, our in vitro data show decreased proliferation to be a keratinocyte intrinsic response to TLR4 stimulation by LPS (Figure 2e ). We note that airway epithelial cells in vitro display decreased proliferation when treated with LPS derived from P. aeruginosa, although in these cells low doses induce proliferation. 58 LPS derived from P. aeruginosa and Escherichia coli have been previously shown to directly inhibit human keratinocyte migration in vitro 59 ; however, we found LPS derived from K. pneumoniae induced no effect on human keratinocyte scratch wound closure. Histologically, LPS-administered wound tissue appears necrotic with decreased cellularity, mirroring a phenotype previously reported by Ishikawa et al 38 following Salmonella and E. coli-derived LPS application in unwounded skin. We show that LPS administration directly induces local apoptosis in vivo (Figure 2 ), in line with reports of bacterial-induced keratinocyte apoptosis in vitro. 60 High levels of local cell death may lead to the release of DAMPs, which will likely in turn activate other PRRs to perpetuate the phenotype. Intriguingly, we note that prior studies have also reported beneficial effects of non-Klebsiella-derived LPS on wound healing. 58, 61 It remains unclear how LPS confers beneficial effects in the context of these studies.
Keratin 6 (K6), a marker of activated wound edge keratinocytes, has been shown to have important structural and signalling roles, the latter regulating cellular proliferation and migration. 62 A common characteristic of delayed healing wounds is epidermal hyper-proliferation and migration inhibition. 63 In the LPS model, we report markedly increased proliferation at the wound periphery coinciding with a significant delay in re-epithelialisation, accompanied by extended peripheral cell activation of the epidermis. This presumably reflects a mechanism to compensate for the lack of initial wound activation. Alternatively, a recently reported mechanistic link between K6 and PRRs suggests a more direct association. Keratins assemble as pairs, with keratin 16, the type 1 keratin partner of K6, required for the regulation of DAMP expression. 64 Specifically, K16 deficiency leads to cytokine and DAMP overexpression. It is therefore possible that extended expression of these 'wound-type' keratins in LPS-treated wounds may have evolved to suppress a heightened inflammatory response to skin bacteria upon injury.
Oestrogen deficiency is a known risk factor for human chronic wounds. 44 Indeed, the beneficial effects of oestrogen on healing have been demonstrated across a range of pathological skin wound models, including aged and ovariectomised mice, 46,47 type I 65 and type 2 diabetes 66 and the skin flap ischemia model, 67 where oestrogen has been shown to dampen the local immune response, promote keratinocyte migration and proliferation and induce fibroblast-mediated matrix deposition. 46 In addition, oestrogenic effects on thermal injury have been well studied, for example, in the brain, where reduced inflammation and apoptosis are linked to lower levels of DAMPs. 68, 69 Although oestrogen has been shown to promote acute wound healing in humans, 45 no data exist for its effect on infected cutaneous wounds. Here we show that oestrogen exerts beneficial effects on both epidermal and dermal aspects of cutaneous healing in a local LPS bacterial infection model.
We note that our data are in line with previous studies demonstrating the beneficial effects of oestrogen treatment in both systemic and local LPS inflammation models. These include systemic LPS-induced brain inflammation in ovariectomised mice, 70 LPS-induced lung injury in rats 71, 72 and a well-characterised trauma-haemorrhage model which demonstrated that 17β-estradiol restores the epidermal keratinocyte inflammatory response by preventing TLR4-mediated MAPK activation. 73 In our study, we show that oestrogen dampens the LPS-induced inflammatory signals via IL6 and TNFα with reduced wound macrophage infiltration, mirroring results previously demonstrated in vitro in LPS-stimulated macrophages treated with 17β-estradiol. 74 In addition to oestrogen's well-documented anti-inflammatory properties, previous mechanistic studies suggest a direct influence on wound re-epithelialisation. Previous studies demonstrate increased migration but not proliferation of oestrogen-treated murine keratinocytes in vitro, in line with our in vitro data. 74, 75 In summary, our data demonstrate that locally applied K. pneumoniae-derived LPS delays multiple aspects of cutaneous healing, inducing excessive cell death, stalling keratinocyte activation, heightening the local inflammatory response and reducing collagen deposition. We suggest that LPS administration could be adopted as a simple model of bacterial wound infection. We note that, although this model does not consider major LPS differences between strains or other bacterial components, by-passing the need for live bacteria to generate a highly reproducible and defined delayed healing model is a major advantage. A future, extremely complex, goal will be to produce a faithful model of chronic wound infection, encompassing the plethora of microorganisms present clinically in wound biofilms. 76 In this study, we demonstrate the utility of our LPS model to explore the biological effects of oestrogen on 'infected' wounds. Indeed, these data provide the first evidence that oestrogen's beneficial influence on healing should apply to both infected and non-infected wounds, which has major clinical implications.
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